ABSTRACT The relationship between soil moisture and oviposition in an edaphic insect pest, the southern mole cricket, Scapteriscus borellii Giglio-Tos, was studied in a series of greenhouse experiments. Adults were captured in acoustic calling traps and associated pitfall traps during spring ßights in southeastern North Carolina in 1996, 1997, and 1998. Female mole crickets were individually conÞned in chambers containing 2, 4, 7, 10, and 12% soil moisture. Oviposition and mortality were monitored daily. A signiÞcant linear relationship between oviposition and soil moisture was indicated by an increase in the number of crickets ovipositing in response to higher soil moisture levels. Additionally, a delay in oviposition was observed as a response to low soil moisture. There were no signiÞcant differences in the number of eggs per ovipositing female, indicating that when oviposition does take place, the individual response of the female is to lay a similar number of eggs regardless of moisture levels. The ovipositional response to a rapid increase in soil moisture was also examined. The rapid increase in moisture resulted in a signiÞcantly greater percentage of females ovipositing, as seen in the previous experiments.
MOLE CRICKETS IN the genus Scapteriscus are some of the most important insect pests of warm season turfgrasses in the southeastern United States. The crickets have a 1-yr life cycle throughout most of their range and most of that time is spent in subterranean burrows. Nocturnal mating and dispersal ßights occur in the spring and fall and the eggs are laid in multiple clutches that develop within sealed chambers 2.5Ð30.5 cm below the soil surface (Hayslip 1943 , Forrest 1986 ). Both the nymphs and adults cause serious damage to pastures, golf courses, home lawns, and other turfgrass sites, and successful control usually depends on accurately timing the application of insecticides to coincide with the occurrence of small instars following peak egg-hatch in early summer (Brandenburg et al. 1997) . However, Þeld monitoring of mole cricket populations in North Carolina has shown that there can be signiÞcant ßuctuations in the date when the Þrst nymphs appear each year, and similar variation is seen in the date of peak hatch (P.T.H., unpublished data). These observed differences in the Þeld are not wellexplained by factors such as accumulated soil degreedays and are hypothesized to be due, in part, to differences in soil moisture levels during the period of oviposition.
Soil moisture could affect the timing of hatch through a direct effect on the eggs or by modifying the ovipositional behavior of the gravid females. Mole cricket eggs absorb water during development and increase in size as much as 25% before hatch (Hayslip 1943) . If female mole crickets oviposit in the spring regardless of the soil moisture levels present at the time, then low soil moisture conditions could have a direct effect on the eggs, slowing or halting their development until the necessary moisture becomes available. Another possibility is that the females may not oviposit until adequate soil moisture is available. Previous investigations involving oviposition in Scapteriscus spp. include the natural history studies of Worsham and Reed (1912) , Van Zwaluwenburg (1918) and Hayslip (1943) , a study of fall mating and fertilization in S. borellii Giglio-Tos (Walker and Nation 1982) , ForrestÕs (1986) work on oviposition and maternal investment in Þeld enclosures, and a laboratory study examining egg production and development (Braman 1993) . Only one previous study, an unpublished laboratory experiment conducted by Forrest (1983a) , has attempted to relate egg survival and hatch with soil moisture for S. borellii. Although the initial moisture condition of the eggs was not reported, the results of this experiment indicate that soil moisture (between 2 and 12% of dry soil weight) did not inßuence hatching or development rate of the eggs. This suggests that soil moisture may affect the ovipositional behavior of the adults rather than the development of the eggs themselves. Unfortunately, there are at least two factors that complicate the study of these relationships in the Þeld. The Þrst of these is the subterranean nature of the mole cricket and the difÞculty in making observations on oviposition and hatch. Equally important are the difÞculties encountered in accurately establishing, maintaining, and manipulating soil moisture levels in Þeld experiments. Because it is unlikely that these relationships can be adequately quan-tiÞed through Þeld studies, three controlled greenhouse oviposition experiments were conducted in 1996, 1997, and 1998 . The objective of these experiments was to elucidate the relationship between soil moisture and ovipositional behavior of S. borellii.
Materials and Methods
All mole crickets used in the experiments were collected at the Fox Squirrel Country Club in Brunswick County, NC (34Њ 2Ј N, 78Њ 3Ј W). Male and female southern mole crickets were collected from soundbaited calling traps and linear pitfall traps set in the immediate vicinity of the calling traps. The calling traps use electronically synthesized species-speciÞc songs to attract ßying adults (Walker 1982) . These traps capture mainly females. Most of the males were collected from the linear pitfall traps. Mole crickets in both types of traps were captured into Ϸ10 liters of moist sand before their removal from the traps. Collections in 1996 (experiment I) were made during the spring ßights, which occurred in the latter part of May, just before oviposition in the Þeld. Mole crickets used in the four blocks of the 1997 experiment (experiment II) were captured in four separate collections made at approximately 1-wk intervals (beginning 14 May, and ending 4 June). The two collections for the 1998 experiment (experiment III) were made on 9 and 19 June. In all cases the mole crickets were captured no more than 1 wk before their removal from the traps. The effect of mating on oviposition in mole crickets is unknown, however, research conducted in Florida indicates that most of the ßying females of this species have already mated before the spring ßights (Walker and Nation 1982) . To further ensure that mating had taken place, both sexes were conÞned together in large coolers full of moist sand for a few days before the initiation of each experiment. All soil used in the experiments was Kureb Þne sand obtained from the same location where the insects were collected. To enable the comparison of the soil moisture levels used in these experiments with those in future studies, a standard matric potential curve for this soil was developed using the standard pressure plate extractor technique following the methods described by Kramer (1969) . Voucher specimens of S. borellii were placed in the North Carolina State University insect collection.
Experiment I. In 1996 a preliminary experiment was conducted in a greenhouse with the treatments set up in a completely random design. Soil moisture regimens were established before the start of the experiment by combining a weighed portion of distilled water with a weighed amount of oven-dried sand. This procedure was used to produce soil mixtures with 2, 7, and 12% moisture based on the dry weight of the soil. Each treatment consisted of 20 PVC oviposition chambers (7.7 cm diameter, 15 cm long) similar to those used by Braman (1993) . Chambers were Þlled with 12.7 cm of one of the soil mixtures, and one randomly selected female mole cricket was conÞned in each chamber along with a portion of Mazuri Hi-Ca Cricket Diet (Purina Mills, St. Louis, MO) treated with 0.4% potassium sorbate to inhibit fungal growth. The oviposition chambers were capped on each end with a clear plastic petri dish lid placed over a layer of plastic wrap, then secured with a rubber band to contain the insects, the soil, and the soil moisture. Each chamber was then weighed and soil moisture levels were maintained throughout the experiment by weighing the tubes weekly and adding an appropriate amount of water to maintain the starting moisture level. Mole crickets were fed weekly by adding preweighed portions of food. A mock chamber with a thermometer was used to monitor chamber temperature.
Oviposition was monitored by opening and inspecting the bottom of each enclosure for the presence of eggs. The number of eggs laid in each chamber was recorded daily. The process of checking for the eggs usually disrupts the egg chamber formed by the female, making the accuracy of later observations uncertain. S. borellii is primarily a carnivorous species (Matheny 1981) and cannibalism of the eggs frequently occurs under laboratory conditions (Van Zwaluwenburg 1918) . Therefore, after eggs were initially noted and counted in a chamber, further observations of oviposition were not included in the Þnal counts. The ovipositional responses to the soil moisture treatments in all experiments were quantiÞed by four measures: (1) the mean number of eggs laid per female (total eggs laid divided by the 20 females in each treatment), (2) the mean number of eggs laid by each female that laid eggs (total eggs laid divided by the number of females ovipositing), (3) the percentage of females that oviposited in each treatment (number of ovipositing females divided by number of females in the treatment), and (4) the mean day that eggs were laid in each treatment.
Obvious adult mortality (death on the soil surface or bottom of chamber) was recorded daily, and inactive chambers were occasionally checked to determine if the insect was dead. Experiment I was terminated on day 31 because of suspected high mortality in the 2% moisture treatment. The soil from the chambers in this treatment was sifted using a 20-mesh sieve and both the sieved material and the dead mole crickets were returned to the laboratory and examined for the presence of eggs using a dissecting scope. The presence or absence of eggs in the sand was recorded and data regarding percentage of females ovipositing, eggs per female, eggs per ovipositing female, mortality, and mean day of oviposition were summarized to day 31. Although this experiment proved invaluable in designing the later experiments, high mortality in one treatment, and the unblocked nature of the experimental design precluded statistical analysis by analysis of variance (ANOVA) or mean separation procedures.
Experiment II. This experiment was set up in a randomized complete block design with 20 chambers per treatment in four blocks. Soil for each moisture treatment (4, 7, and 10% based on dry soil weight) was prepared as in experiment I, and each block of the experiment began approximately 1 wk after the start of the previous block. Three of these blocks were performed in the same greenhouse as experiment I. The fourth block was performed in an indoor temperature controlled facility under artiÞcial lighting. Light cycles were set to approximate the light/dark cycle existing outdoors at the time of the experiment. Observations on oviposition were made daily and chambers were maintained as described in experiment I. Obvious adult mortality was recorded daily and inactive chambers were checked weekly by sieving the soil and emptying the chambers to determine if the cricket was dead. This procedure was generally performed at the same time as the weekly feeding and moisture level adjustment. Mortality reported at dates before the end of the experiments must be considered as estimated mortality due to the difÞculty in making these observations. Mortality will never be lower than reported, but could be higher in cases where the death was not noted until later in the experiment. Experiment II was run for 32 d and cumulative data regarding mortality, percentage of females ovipositing, eggs per female, and eggs per ovipositing female were summarized at Þve dates (day 7, 14, 21, 28, and 32) . Data regarding mean day of oviposition were only summarized at day 32. Data were analyzed using either an arcsine (percentage data) or square-root transformation (count data) before ANOVA and least signiÞcant difference (LSD) procedures. SigniÞcance for mean separation was tested using either LSD or LSD performed on least square means (LSmeans) (for unbalanced data), as appropriate (SAS Institute 1992). All means are presented as untransformed means Ϯ SE Experiment III. This experiment was performed to test the hypothesis that females are stimulated to oviposit by a rapid increase in soil moisture. The experiment was set up in the greenhouse as a randomized complete block design with two blocks and 35 chambers in each of two treatments. Soil and water were combined as previously described to produce soil with 7% moisture based on dry soil weight. Chambers were assembled as before, but all contained 7% soil moisture at the start of the experiment. Female mole crickets were individually placed into the chambers, fed, and monitored as before, for the Þrst 6 d. After the chambers were checked for eggs on day 6, each of the chambers in the ßush treatment were ßushed by adding 40 ml of distilled water, increasing the soil moisture level to Ϸ13%. Food was added and then the chambers were resealed. Chambers in the control treatment were fed and moisture was adjusted to maintain the starting 7% moisture level, but no additional water was added. All chambers were monitored daily for 10 d after the ßush. Data regarding the percentage of females ovipositing, eggs per female, eggs per ovipositing female, mortality, and mean day of oviposition for each treatment were analyzed using ANOVA and signiÞcance for mean separation was tested using either an F or chisquare test, as appropriate (SAS Institute 1992).
Results
Moisture and Temperature. The soil moisture in the 2% moisture treatment used in experiment I was not sufÞcient to maintain tunnel, egg chamber, or soil column integrity. The loose soil made observations on oviposition and adult survival difÞcult and undoubtedly affected the observations for this treatment. Additionally, there was extremely high mortality in the 2% moisture treatment. Higher levels of moisture were used in all subsequent experiments and no further problems of this nature were encountered.
Soil temperatures encountered in the greenhouse were similar to those observed at a depth of 10 cm in the Þeld during the time of oviposition (P.T.H., unpublished data), but the mole crickets conÞned in the oviposition chambers were not able to escape to cooler depths as they can in the Þeld. In experiment I, temperatures ranged between 20 and 35.6ЊC with most recorded temperatures in the mid-to high 20s. Temperatures in blocks IÐIII of experiment II ranged from 15.6 to 33.3ЊC with most recorded temperatures in the mid-to high 20s. Block IV of that experiment was performed in a more controlled environment in an attempt to avoid high temperatures. Temperatures observed ranged from 21.1 to 24.4ЊC. Chamber temperature in experiment III ranged between 23.3 and 32.2ЊC with most recorded temperatures in the upper twenties.
Mortality. Determination of mortality effects was not an objective of these experiments, and observations were made primarily to ensure that mortality had no effect on the analysis of egg-laying among the treatments. Some mortality was expected because the experiments were performed at the time of year when the adult population is in decline. Although mortality is the natural conclusion to the life cycle after the last clutch of eggs are laid, it should have been equally distributed among the treatments. However, major differences in mortality were noted among the treatments in experiment I. Although there were difÞcul-ties in making accurate observations in the 2% treatment at least one mole cricket was dead by day 8, two more were found dead on day 13, and at least 20% (5 of 20) of the mole crickets were dead by day 23. Mortality in the 2% moisture treatment was 100% by day 31, but the decomposed condition of the cadavers strongly suggests that many of these insects died much earlier. It is likely that the combination of low moisture and high temperatures contributed substantially to the observed mortality. The high mortality observed in the 2% moisture treatment was sharply contrasted by the high survival in the 7 and 12% moisture treatments in this experiment. No mortality was observed in the 12% moisture treatment and only one mole cricket (5%) in the 7% moisture treatment died before day 31.
No signiÞcant differences in mortality were observed among the blocks or treatments in experiments II (Table 1) at any date. This indicates that even the moisture present in the 4% treatment was sufÞcient to allow the survival of the adults. Mortality at day 32 ranged between 20 and 53% with an overall mean value of 32.0 Ϯ 3.3%. There were signiÞcant differences in mortality between the blocks (F-test, P ϭ 0.0001) but not between the treatments (F-test, P ϭ 0.65) in experiment III (Table 2) .
Experiment I: Oviposition. The average number of eggs per female, the number of eggs per ovipositing female, and the percentage of females ovipositing were all highest in the 12% moisture treatment and lowest in the 2% treatment. It was not possible to determine when the two eggs in the 2% moisture treatment were laid, but oviposition began 2.5 d earlier in the 12% treatment than in the 7% treatment. Large differences were seen in the average number of eggs per female in the 7 and 12% moisture treatments (5.5 and 12.0 eggs per female, respectively). The numbers of eggs produced per ovipositing female show similar trends. Only one egg was laid by each of the two females ovipositing in the 2% moisture treatment, whereas 13.8 and 17.1 eggs were laid per ovipositing female in the 7 and 12% treatments, respectively. Additionally, 40.0 and 70.0% of the females laid eggs in the 7 and 12% moisture treatments, respectively. Only 10.0% of the females oviposited in the 2% moisture treatment. These data suggest that increasing soil moisture has a positive effect on the number of eggs laid and the proportion of females ovipositing.
Experiment II. Percentage of Females Ovipositing. Because there were no signiÞcant differences in mortality among the treatment or blocks of experiment II, oviposition data for all blocks and treatments could be compared and were included in the analysis. Data regarding the percentage of females ovipositing in each treatment are presented graphically in Fig. 1 . Most egg-laying activity in experiment II took place after day 14, and statistical analysis was not performed before day 21. At day 21 there were signiÞcantly more eggs laid in the 10% moisture treatment than in either the 4 or 7% moisture treatment (LSD, P ϭ 0.05); however, no differences were detected in the percentage of females laying eggs between the 4 and 7% treatments (LSD, P ϭ 0.05). The percentage of mole crickets ovipositing in each treatment at 28 and 32 d are presented in Table 1 . At 28 d, 29.2 Ϯ 0.07% of all mole crickets in the experiment had laid eggs. There were signiÞcant differences in the mean number of females ovipositing among all treatments, with the greatest proportion of females (51.3%) laying eggs in the 10% moisture treatment, the smallest proportion of females (6.3%) laying eggs in the 4% treatment, and an intermediate number of females (30.0%) ovipositing in the 7% treatment. At day 32 an average of 36.4 Ϯ 0.07% of all mole crickets in the experiment had laid eggs. The mean values for each treatment reßect the same general trends observed at previous dates. Although the results of the LSD means separation test indicate no signiÞcant differences in the proportion of females laying eggs in the 7 and 10% treatments at this date, there were signiÞcantly fewer females ovipositing in the 4% treatment than in either of the other moisture treatments (LSD, P ϭ 0.05).
The relationship between soil moisture and the percentage of females ovipositing in experiment II (Fig.  2) is linear as described by the equation y ϭ Ϫ8.70 ϩ 6.43x, r 2 ϭ 0.9736 (y ϭ a ϩ bx, where y ϭ percentage of females ovipositing, x ϭ percentage soil moisture). The linear relationship is strong, as evidenced by the high r 2 value. Although the data from experiment I were not used in the calculation of the regression line, There were no signiÞcant differences observed among the treatments at day 14. At day 21 there were significantly more eggs laid per female in the 10% moisture treatment than in the 4% treatment. Mean number of eggs per female in the 7% treatment was not statistically different from that observed in either of the other treatments. At day 28 all treatments were signiÞcantly different from each other with regard to the number of eggs per female (LSD, P ϭ 0.05). The response was an increasing number of eggs per female as soil moisture increased. Although there were only 1.2 eggs laid per female in the 4% moisture treatment, there were 5.8 and 11.1 eggs laid per female in the 7 and 10% treatments, respectively. At day 32 there was an overall average of 7.25 Ϯ 1.43 eggs per female with a similar relationship between the number of eggs per female and soil moisture levels obvious among the treatment means. At day 32 the number of eggs in the 7 and 10% treatments were not signiÞcantly different; however, signiÞcantly fewer eggs were laid in the 4% moisture treatment than either the 7 or 10% treatments.
Mean Number of Eggs per Ovipositing Female. Means separation for the number of eggs per ovipositing female in experiment II is only reported for day 28 and 32 due to the lack of egg-laying in some blocks or treatments at prior dates. Results for day 32 indicate that there was an overall average of 19.3 Ϯ 1.0 eggs laid by those females laying eggs. There were no signiÞcant differences observed among either the blocks or treatments at either day 28 or 32 (LSD, P ϭ 0.05) indicating that the moisture treatments inßuence whether or not a female laid eggs, rather than the number of eggs the female laid.
Timing of Oviposition. Mean day of oviposition was examined to determine if the timing of oviposition was affected by soil moisture. Analysis at day 32 shows the overall mean oviposition date for experiment II was day 24.6 Ϯ 1.1. There were signiÞcant differences observed among both blocks and treatments regarding the timing of oviposition (Table 1) . Eggs were laid an average of 3.6 d earlier in the 10% moisture treatment than in the 4% treatment.
Experiment III. This experiment was performed to determine if gravid female S. borellii would be stimulated to oviposit by a rapid increase in soil moisture. SigniÞcantly more females oviposited in the ßush treatment, resulting in signiÞcantly more eggs being laid (Table 2 ; Fig. 3) ; however, there was no signiÞcant difference in the mean day of oviposition between the two treatments. No differences were seen in mean number of eggs laid per ovipositing female. These results indicate that while increased soil moisture levels increased the percentage of crickets ovipositing (as observed in the previous experiments), the timing of oviposition was not signiÞcantly affected.
Discussion
Soil moisture has long been recognized as an important environmental factor that inßuences the behavior of mole crickets. Hayslip (1943) , Ulagaraj (1975) and Walker (1982) have all cited rainfall as stimulating adult ßights, an activity that often immediately precedes oviposition. Ulagaraj (1976) found that moisture inßuenced the production of calling songs in both S. borellii and S. vicinus Scudder in a Þeld irrigation experiment where males of both species were found singing in the irrigated plots, but not in the unirrigated plots. High soil moisture signiÞcantly increases the power output (sound volume measured in decibels) of the male call (Forrest 1991), and Forrest (1983b) noted that females may use the song intensities of the calling males to locate moist soil for oviposition. Flying female mole crickets selectively respond to louder males and the loudest S. borellii males attracted 6.5 times more conspeciÞcs than quieter males (Forrest 1983b) . Soil moisture also inßuences the depth at which the females form their egg chamber. Scapteriscus egg cells formed during dry soil conditions were found at two to three times the depth as those produced during moist soil conditions (Worsham and Reed 1912 , Van Zwaluwenburg 1918 , Hayslip 1943 . These studies suggest that moisture is an important factor inßuencing the selection of mole cricket oviposition sites.
Our results suggest that gravid females prefer to oviposit in areas with adequate moisture and avoid or delay oviposition where dry soil conditions exist. In experiment I, over twice the number of eggs were laid in the 12% treatment as in the 7% moisture treatment. In experiment II, signiÞcantly more crickets oviposited in the higher moisture treatments (7 and 10%) than in the 4% treatment, resulting in signiÞcantly more eggs being laid in these treatments. Similarly, the results of experiment III show a signiÞcant increase in the percentage of females ovipositing in response to a rapid increase in soil moisture. The results of all three experiments show that soil moisture levels inßuence whether or not a female will lay eggs, rather than the number of eggs the female will lay.
The timing of oviposition was another important variable that might have been affected by soil moisture levels. In experiment I, oviposition began 2.5 d earlier in the 12% treatment than in the 7% treatment. Only two eggs were found in the soil of the 2% moisture treatment; however, examination of the cadavers showed that these females were gravid, but did not oviposit. In experiment II, the mole crickets laid eggs an average of 3.6 d earlier in the 10% moisture treatments than in the 4% treatment. No eggs were laid in the 4% moisture treatment of block IV, which was run in a temperature-controlled environment, but oviposition did occur in the other treatments of this block. The lack of oviposition here is attributed to the treatment effect of low soil moisture under less stressful temperature conditions. Although these data are meaningfully represented in the analyses of eggs per female and percentage of females ovipositing, they could not be included in the calculation of the average value for day of oviposition because oviposition did not occur. This resulted in the delay in oviposition due to low soil moisture being less obvious than it might have been if this factor was considered. The results from experiment III did not show the differences in timing observed in the previous experiments, however, those experiments were of longer duration, and the delay in oviposition only became obvious at moisture levels lower than the 7% treatment that served as a control in experiment III.
The ovipositional data from our study were also used to determine if there is a correlation between ovipositional cycles and ßight activity. In a study on the dispersal ßights of S. borellii in Florida, Ngo and Beck (1982) found 9-d cycles in overall ßight activity and a 10-d peak in recaptured females in a mark and release study. They attributed both peaks in ßight activity to the 9 Ð12 d oviposition cycles reported by Forrest (1981) , a conclusion that assumes that the females are synchronous in oviposition (Forrest 1986 ). In a later study, Forrest (1986) found no such synchrony and concluded that the peaks in ßight activity were more likely the result of environmental factors making ßight favorable or synchronizing maturation of the eggs, rather than ovipositional cycles. In our study we used females captured in ßight traps. These females were often captured several days before collection, then held in the laboratory for 3 d before initiation of the experiment. Only 15 of the 440 (3.4%) mole crickets in our experiments oviposited before day 14, which means that a minimum of 17 d had elapsed since their capture. Therefore, we agree with ForrestÕs conclusion that cycles in ßight activity are more related to environmental factors than ovipositional cycles. Soil moisture is very likely one of these factors.
Although our results demonstrate a moisture-mediated delay in oviposition, we do not discount the possibility of an additional moisture effect on the survival and development of mole cricket eggs to explain the population variation observed in the Þeld. Van Zwaluwenburg (1918) reported that Scapteriscus spp. eggs cannot survive in a very dry loca- tion and do not hatch after dessication, which suggests that there is such an effect. There are no published studies relating soil moisture to mole cricket egg survival and development; however, Regniere et al. (1981) studied egg survival and development of another soil-dwelling pest, the Japanese beetle larva, Popillia japonica Newman. They found that egg survival was not possible in sandy and loam soils below 3% soil moisture and presented a moisture tension graph similar to the matric potential graph (Fig. 4) for the soil used in our experiments. Matric potential is the primary factor determining the availability of soil water to plants and animals (Hillel 1980 , Barbercheck 1992 ) and the graph in Fig. 4 clearly shows that water is biologically unavailable at 2% in our soil. Although Krysan (1976) and many others have documented the negative effects of low relative humidity on the eggs and larvae of soil insects, data presented by Brady (1974) indicate that the relative humidity of the soil atmosphere in the sealed egg chamber of the mole cricket would remain near 100% up to Ϫ100 KPa of water potential. This is approximately equivalent to 3% soil moisture for the soil used in our experiments. BradyÕs (1974) data also explain why Forrest (1983a) found no effect of moisture on mole cricket egg survival. The eggs were kept in sealed jars, effectively mimicking the conditions of the sealed egg chamber. Even at the lowest soil moisture treatment in ForrestÕs experiment (2%), the relative humidity of the atmosphere in the jars would have been in excess of 98%. Although our observations indicate that mole cricket eggs desicate very rapidly when exposed to the air, it is likely that they are not adversely affected by relative humidity in this range once they have absorbed sufÞcient moisture for development.
The increase in the volume of the eggs after oviposition (Hayslip 1943) indicates that they must absorb water. Moisture absorption by mole cricket eggs has not been studied; however, Hinton (1981) reported that insect eggs only absorb water in the liquid phase, and Mihm et al. (1974) found that contact moisture was necessary for egg hatch in Diabrotica virgifera LeConte. Relatively rapid uptake of moisture has been documented for the eggs of other soil-dwelling insects, and Krysan (1976) reported that most of the uptake of water by the eggs of Diabrotica undecimpunctata howardi Barber occurred between 24 and 72 h after oviposition. If moisture absorption for mole cricket eggs follows a similar pattern, the selection of a favorable moisture environment at oviposition would be critical to the survival of the eggs.
Host-habitat and host Þnding of soil-dwelling species begin with ovipositional choices made by the mobile females (Villani and Wright 1990) . The advantages of selecting a favorable soil moisture environment for oviposition are obvious. Studies have demonstrated that soil moisture levels can have a signiÞcant effect on the survival and development of both the eggs and larvae of edaphic insects (Regniere et al. 1981, Marrone and Stinner 1983a) , and adult ovipositional preference for moist soil has also been demonstrated (Marrone and Stinner 1983b) . There is no parental care reported for the genus Scapteriscus as has been documented for other gryllotalpids, which suggests that the survival of Scapteriscus eggs is dependent on the conditions existing in the habitat selected by the female at the time of oviposition. The importance of contact moisture rather than relative humidity, and the likelihood of a critical period of water absorption makes a strong case for the evolutionary importance of initial conditions and the female behavior seen in our experiments. Both the preference exhibited for higher soil moisture levels at oviposition, and delaying oviposition until adequate moisture is available, reduce the possibility that dry soil conditions will impact egg survival or development.
